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EXECUTIVI':  SUMMARY 

The  area  covered  by  this  study  is  the  three  dimensional  tracking  range  west  of  the  island 
of  St.  Croix.  The  range  surface  area  is  approximately  51.  4 square  kilometers  with  depths 
ranging  from  about  457  to  1280  meters. 

The  surface  oceanography  is  dominated  by  the  warm  (26°C  to  29°C)  westerly  flowing 
Caribijean  Current  and  the  highly  persistent  easterly  trade  winds  (10  to  14  knots). 

Two  major  water  masses  influence  the  deeper  circulation.  The  Subtropical  Underwater 
(SIRV)  extends  down  to  about  250  meters.  Below  this  depth  the  Subantarctlc  Intermediate 
Water  (SAIW)  extends  to  the  bottom. 

Layer  depth  variation  ranges  from  50  meters  during  August  to  120  meters  during 
March. 


Significant  wave  heights  of  7 feet  or  less  occur  98  percent  of  the  time.  Sea  and  swell 
direction  vary  beUveen  northeast  and  southeast  throughout  the  year. 

Storm  surges  with  heights  in  excess  of  one  meter  may  occur  in  the  southeast  section  of 
the  range. 

Surface  air  temperatures  average  between  24°C  to  27°C  during  winter  and  between  27°C 
to  28°C  during  summer. 

Visibility  exceeds  18  kilometers  89  percent  of  the  time. 
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THE  OCEANOGRAPHIC/METEOROLOGICAL  ENVIRONMENT 
WEST  OF  ST.  CROIX 

PAirr  I.  INTKODl'CTION 

This  stiuiy  summarizes  existiriK  oceanof^raphic  and  meteoroloi^ical  information  on  the 
three-dimensional  underu'ater  tracking  range  at  St.  Croix,  U.S.  Virgin  Islands.  The  area  of 
concern  includes  the  tracking  range  and  the  surrounding  waters  bounded  by  17'’38'N-17'’t8’N, 

\V-r)r>°0()' \V.  (Figure  l).  Meteorological  data  were  compiled  from  the  1 degree  Marsden 
Sfiuarc  bounded  by  17°-18'’N,  fi  l°-()r)°\V. 

The  tracking  range,  bounded  by  17°  12’ N-17“  18’ N,  T>  l°5d’W-()a°i*)’ W , lias  a surface  of 
about  al.  1 square  kilometers,  with  depths  ranging  from  157  to  1,280  meters.  The  oceano- 
graphic and  hydrographic  measurements,  which  provide  a data  base  for  this  report,  were 
conducted  by  the  Naval  Oceanographic  Office,  the  Applied  physics  Laboratory /University  of 
Washington,  and  the  Applied  Physics  Laboratory/Johns  Hopkins  University.  Additional  cur- 
rent measurements  in  this  part  of  the  Caribbean  were  made  bv  Stalculp  ot  al.  (1972  and 
1975),  Sturges  (1975),  and  Sukhovey  et  al.  (1908).  Meteorological  data,  in  the  form  of 
synoptic  summaries,  were  provided  bv  the  Naval  W’eather  Service  Detachment,  Asheville, 
North  Carolina,  and  cover  the  period  1859-1971. 

This  study  is  divided  into  three  parts:  environmental  setting,  oceanography,  and 
climatology.  Knvironmental  setting  provides  the  reader  with  a description  of  the  general 
oceanography  and  meteorology’.  The  remaining  two  parts  present  data  that  will  be  useful  to 
those  engaged  in  engineering  and  scientific  projects  at  the  tracking  range  ;hk1  its  surrounding 
waters. 


PAiUr  II.  FNMHONMKNTAL  SETTING 

The  U.S.  Virgin  Islands  are  located  in  the  Lesser  Antilles  chain  of  the  West  Indies. 

The  primary  water  exchange  route  between  the  Caribbean  Sea  and  the  Atlantic  Ocean  takes 
place  through  the  Jungfern  Passage  (Virgin  Island  Passage),  which  separates  the  island  of 
St.  Croix  from  I’uerto  Pico. 

The  Caribbean  Current  keeps  the  surface  waters  in  the  tracking  range  area,  located 
west  of  St.  Croix,  at  a near  constant  temperature  that  varies  from  a winter  low  of  about  26°C 
to  an  autumn  high  of  about  29°C.  Surface  salinity  values  range  from  a low  of  54. .3  parts  per 
thousanfl  during  autumn  to  a high  of  36.0  parts  per  thousand  during  spring  (Table  1).  Below 
the  surface  waters  and  extending  down  to  about  250  meters,  lies  the  Subtropical  Underwater 
(SIWV).  The  core  of  this  water  mass,  which  is  located  at  a mean  depth  of  150  meters,  is 
characterized  by  temperature  - salinity  (T-S)  values  that  range  from  23°C-37.2  parts  per 
thousand,  during  winter,  to  21°C-36.7  parts  per  thousand  during  autumn.  Maximum  depth 
of  this  water  mass  is  at  250  meters,  the  depth  of  the  18.  5°C  isotherm. 

Below  the  Subtropical  Underwater  (SUW')  lies  the  .Subantarctlc  Intermediate  W’ater 
(SAIW),  whose  core  has  a near  consUint  temperature  of  6°C  and  a water  column  minimum 
salinity  of  34.8  parts  per  thousand  at  950  meters  during  all  seasons. 
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TABU-;  1.  MONTHLY  MEAN  SEA  SUHFACE  TEMPERATURE  AND  SALINITY 


MONTH 

TEMP  rc) 

SA  UNITY 

(Parts  per  Thousand) 

JAN 

26.. '1 

.35.  8 

FEB 

2,5.7 

.35.  7 

MAR 

2.5.7 

.35.  9 

APR 

26.. 3 

.35.  9 

MAY 

26.  8 

.36.  0 

JUNE 

27.6 

.35.  7 

JUI.Y 

28.0 

,35.  ,3 

AUG 

28.5 

.35.  0 

SEPT 

29.  0 

.34.  6 

OCT 

28.  8 

34.  3 

NOV 

28.  2 

34.  4 

DEC 

27.2 

35.  0 

The  major  meteorological  influences  in  the  area  are  a low  pressure  belt,  known  as  the 
equatorial  trough,  and  subtropical  highs  that  are  located  north  of  the  trough.  The  trough 
which  migrates  seasonally,  has  a mean  latitude  of  5°N,  causing  a net  flow  of  air  to  be  directed 
toward  the  ec(uator.  The  resulting  prevailing  easterly  trade  winds  have  an  annual  wind-field 
constancy,  or  persistence,  of  80  percent. 

PART  ni.  OCEANOGRAPHY 

1.  UTND-DRIVTN  ClRCUI,ATION 

When  wind  blows  over  water,  the  wind's  energy  transfers  to  the  water's  surface,  setting 
the  surface  into  motion,  and  starting  a surface  drift  current.  If  the  wind  continues  to  blow, 
the  current  deepens,  reaching  a depth  that  depends  upon  the  water's  stability  and  the  wind's 
force.  The  depth  at  which  the  current  is  reduced  to  a small  percent  of  its  surface  value  is 
called  the  depth  of  frictional  resistance.  An  estimate  of  the  thickness  of  the  wind-driven  cir- 
culation is  made  using  Ekman's  theory.  The  vertical  profile  of  the  wind-driven  current  can 
either  be  constant  or  decrease,  depending  upon  the  water's  stability.  A shallow  or  steep 
thermocline  limits  the  layer  through  which  the  current  acts.  During  April  through  December, 
the  underwater  tricking  range  has  an  average  layer  depth  of  60  meters.  During  these  months, 
wind-driven  currents  are  nearly  constant  with  depth.  During  January  through  March,  however, 
the  water  is  mixed  to  a greater  depth  by  convective  processes  than  by  the  wind,  and  the  ver- 
tical wind-driven  current  profile  decreases  linearly  to  a depth  of  about  100  meters. 

Since  the  prevailing  winds  over  the  tracking  range  are  from  the  east,  the  island  blocks 
the  wind,  and  some  of  the  wind-induced  drift  current  west  of  St.  Croix  is  fetch-limited.  The 
area  within  the  triangle  of  Figure  1 shows  the  zones  where  wind-induced  drift  currents  would 
be  fetch-limited.  Clockwise  eddies  will  develop  around  the  southern  end  of  St.  Croix,  and 
counterclockwise  eddies  will  develop  around  the  northern  end.  The  dimensions  of  this  fetch- 
limited  area  are  based  upon  previous  work  done  near  Barbados  by  James.  The  baee  of  the 
triangle  is  placed  perpendicular  to  the  mean  annual  prevailing  surface  wind. 
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Figure  2 may  bo  used  to  determino  wind-induced  current.  FnU?r  the  figure  with  wind 
speed  at  the  U>p  of  the  graph  and  drop  verticallv  to  the  wind  duration  value.  Itepeat  this  step, 
but  use  fetch  distance  instead  of  <luration.  Whichever  step  gives  the  lower  current  speed  is 
the  limiting  case  and  the  associated  speed  is  the  correct  one  to  use. 

Mean  surface  wind  speed  in  the  1 degree  Marsden  Square  surrounding  the  underwater 
ti’acking  range  during  duly  is  about  1 1 knots.  Figure  2 shows  that  if  a 14-knot  wind  blew  for 
four  hours,  a steiiiy  state  wind-induced  surface  -crrent  ol  0.28  knots  would  result,  providing 
the  fetch  was  at  least  10  nautical  miles. 

The  best  estimate  for  wind  drift  current  direction  at  this  latitude  is  10  degrees  to  the 
right  of  wind  direction.  For  an  easterly  wind,  this  direction  would  be  toward  200  rlegrees. 

XFAIt-BOTTOM  CIRCULATION 

On  19  February  1970,  the  Naval  Oceanographic  Office  implanted  three  current  meter 
arrays  (Table  1)  to  measure  near-bottom  flow  in  the  rai.ge.  F'igures  3 through  51  present  the 
data  for  all  three  arrays  as  graphical  plots  of  fre((uency  dist;  diutions  of  speeds  and  directions, 
energy  spectra,  and  time  series  vector  plots.  Appendix  A contains  bivariate  distribution 
Libles  of  speeri  and  direction  for  all  three  arrays. 

Table  2 shows  that  mean  current  speed  varied  from  5.3  centimeters  jx'r  second  at  a 
depth  of  7 47  meters  on  Array  1,  to  10.3  centimeters  per  second  at  a depth  of  1,004  meters 
on  Array  2.  Mean  resultant  dii’ection  varied  from  115  degrees  at  a depth  of  1,018  meters  on 
Array  2,  to  322  degrees  at  a depth  of  702  meters  on  Array  1. 

Kxamination  of  the  time  series  vector  plots  indicates  that  the  most  significant  contri- 
butions to  the  time-dependent  flow  are  rotary  motions  that  have  maximum  amplitudes  along 
the  direction  (northeast-southwest)  of  predominant  flow  at  the  semidiurnal  tidal  period  of 
12.  42  hours. 

Roth  clockwise  and  counterclockwise  rotary  motion  occur  about  equally  throughout  the 
spectral  record  on  Array  1 at  752  and  747  meters.  Counterclockwise  motion  predominates 
above  0.05  cycles  per  hour  (15.7  hours)  at  1,054  meters  on  Array  2.  Below  about  0.05  cycles 
per  hour,  both  clockwise  and  counterclockwise  motions  occur  about  efgially. 

At  the  1,049  meter  level  on  Array  2,  the  predominant  rotation  is  counterclockwise 
throughout  the  spectral  record.  Roth  clockwise  and  counterclockwise  motions  occur  about 
ef(ually  at  the  1,018  meter  level  on  Array  2.  At  all  three  depths,  953,  948,  and  917  meters, 
on  Array  3,  the  rotary  motion  is  primarily  clockwise. 

The  most  significant  feature  of  the  spectral  records  is  the  energy-  peak  at  the  semi- 
diurnal frequency  (marked  with  an  ".S"  at  the  bottom  of  the  graph;  I and  D represent  the 
inertial  and  diurnal  frequency) 

The  amplitudes  of  the  four  principal  tidal  constituents  were  determined  for  each  of  the 
current  meter  records  and  are  tabulated  in  Table  3.  Maximum  constituent  amplitude  found 
was  6.3  centimeters  per  second  (semi-diurnal  period)  at  1,064  meters  on  Array  2.  This 
record  also  had  the  smallest  percent  of  residual  variance  (70  percent)  due  to  nontidal  motion, 
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tablf: 


2. 


CURRENT  METER  ARRAY  STATISTICS 


ARRAY* 

LATITUOC 

(N) 

LONGITUOC 

m 

WATER 

DEPTH 

(m) 

D*pth 

(m) 

Sp—a 

MEAN  CURRENT  VALUES 
(cm/sec) 

Ea»t  North  Roaultanl 

Oirachon 

(T) 

Conatancy^ 

1 

17  43' 

64  55' 

777 

762 

6 6 

03 

04 

0 5 

322 

7 6 

747 

5 3 

0 3 

0.5 

06 

034 

11  3 

2 

17  45 

64  57 

1079 

1064 

10  3 

09 

3 1 

32 

016 

31  1 

1049 

79 

1 0 

08 

13 

052 

16  4 

1018 

6 4 

16 

08 

1 8 

115 

28  1 

3 

17  43 

64  59 

979 

963 

7 5 

-1  1 

1 9 

22 

330 

29  3 

948 

6 4 

00 

1 4 

1 4 

360 

21  9 

917 

6 1 

0 5 

0 9 

1 0 

026 

16  4 

a.  All  three  arrays  moored  on  19  February  1976 

b.  Constancy  indicates  what  percent  of  the  measurement  period  the  flow  had  the  indicated 
mean  current  values 


TABLE  ;L  amplitudes  OF  PRINCIPAL  TIDAL  CURRENT  CONSTITUENTS 


I 


EAST  (cm/sec) 


NORTH  (cm/sec) 


PERCENT  PERCENT 


ARRAY 

DEPTH 

(M) 

M2* 

S2 

K1 

01 

RESIDUAL 

VARIANCE" 

M2 

S2 

K1 

01 

RESIDUAL 

VARIANCE" 

1 

762 

3 2 

0 5 

0 3 

03 

78 

2 9 

0 6 

04 

IB 

81 

747 

1 9 

0 7 

02 

04 

85 

2 6 

09 

0 3 

■B 

80 

2 

1064 

2 1 

0 2 

0 1 

0 1 

84 

6.3 

1 7 

12 

1 1 

70 

1049 

06 

0 5 

0 2 

02 

98 

2 7 

1 4 

0.3 

0 6 

91 

1018 

15 

04 

02 

06 

88 

2.1 

12 

08 

06 

87 

3 

963 

2 6 

0 2 

06 

3 1 

81 

19 

0 1 

0 4 

2 8 

85 

948 

23 

04 

tt4 

2 9 

82 

1 9 

04 

02 

1 4 

89 

917 

23 

08 

0 5 

2 3 

78 

15 

0 1 

04 

0 1 

94 

a.  Constituent 
M2 
S2 
K1 

oi 


Period  IHours) 
12.  42 
12.  00 
29.  99 
25.  82 


b.  Percent  residual  variance  is  the  percent  of  total  record  variance  due  to  nontidal 
motion 
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which  indicates  that  the  major  portion  of  the  record  variability  may  be  attributed  to  other 
than  tidal  frt'qiiency  oscillations. 

The  amplitude  of  the  semidiurnal  constituent  (M2)  is  larger  at  the  deepest  depth  on  each 
array.  This  n ay  indicate  that  the  tidal  oscillations  are  affecterl  by  local  bathymetry. 

Durinji  October  liHJ.a,  Osiericher  implanted  (j  current  meter  arrays  in  the  tracking 
ranjje.  Appendix  B contains  Ostericher's  summaries  of  the  data.  There  is  ajir cement  be- 
tween the  October  19(55  measurements  at  Station  8,  at  1,050  meters,  and  the  February  1970 
measurements  at  Station  2,  at  1,019  meters.  The  mean  resulting  vectors  are  055  degrees 
at  1.5  centimeters  per  second  for  Station  8,  and  052  degrees  at  1.5  centimeters  per  second 
for  Station  2. 

In  1902,  Applied  Physics  Laboratory’,  University  of  W’ashington,  personnel  conducted 
bottom  cui’rent  measurements  near  Sprat  Hall.  Near  the  beach,  the  flow  was  10  centi- 
nieters  per  second  toward  the  north.  Between  0.  2 and  0.0  miles  offshore,  the  curre  nt  was 
variable,  with  a maximum  speed  of  10  centimeters  per  second  towaixi  the  east.  At  0.  8 mile 
off  the  beach,  at  a depth  of  457  meters,  the  current  decreased  to  less  than  2 centimeters 
per  second.  Additional  measurements  from  moored  arrays  between  11  and  18  meters  above 
the  bottom  indicate  variable  current  speeds  averaging  bet^veen  5 to  15  centimeters  per  second. 

5.  INTKBMKDIATE  CIRCULATION 

IXiring  October  1965,  Ostericher  implanted  6 arrays  in  the  range.  He  found  a southerly 
flow  at  760  meters  (Subanbirctic  Intermediate  VV'ater)  that  moved  at  a mean  speed  of  3 
centimeters  per  second.  Appendix  B conttiins  Ostericher's  summaries. 

During  November  1974  through  January  1976,  the  Applied  Physics  Laboratory  of  Johns 
Hopkins  University  made  a series  of  current-structure  measurements  throughout  the  range, 
with  spatial  separations  from  100  meters  to  2 kilometers.  Current  stiTicture  was  determined 
by  acoustically  tracking  slowly  sinking,  untethered  floats,  which  stopped  at  a predetermined 
depth  and  then  returned  to  the  surface. 

Results  of  the  measurements  Indicate  that  the  currents  are  vaiable  in  speed  and  direction. 
The  speeds  ranged  from  0 to  30  centimeters  per  second  and  averaged  15  centimeters  per 
second,  with  no  predominant  direction.  The  root  mean  square  value  of  the  vertical  gradient 
of  current  (shear)  at  any  depth  is  proportional  to  the  average  density  gradient  at  that  depth. 
Maximum  current  shear  of  1.2  centimeters  per  second  per  meter  toward  043  degrees 
occurred  at  a depth  of  100  meters.  Appendix  C contains  plots  of  the  vertical  current  pro- 
files obtained. 

4.  SURFACE  CfRCUIATION 

During  October  and  November  1962,  the  University  of  Washington's  Applied  Physics 
Laboratory  used  surface  drogues  weighted  and  tethered,  3 meters  below  the  surface  at 
17°43'N,  64“54'W.  Flow  was  southerly,  between  10  and  20  centimeters  per  second. 

For  2 days  In  October  1965,  Garrison  used  weighted  drogues  to  measure  the  range's 
surface  currents.  He  planted  5 drogues  in  a north-south  line  64°58'W  and  between 


17°tl’N  and  17°47’N.  On  the  first  day,  the  wind  was  southeast  at  G knots,  and  the  drogues 
moved  northwest  at  20  centimeters  per  second.  During  the  second  day,  the  wind  speed  in- 
creased and  the  drogue's  speed  increased  to  24  centimeters  per  second. 

IXiring  17  and  18  March  19G4,  Garrison  released  two  untethered  floats  which  were 
acoustically  tracked.  Float  1 (dropped  at  17°43.8'N,  64°55.5'\V)  recorded  a maximum  cur- 
rent of  12  centimeters  per  second  at  267  meters.  Float  2 (dropped  at  17°43.  2'N,  G4°55.  I'VV) 
recorded  a maximum  current  of  10  centimeters  per  second  at  6.0  meters. 

3.  LAYER  DEPTH  VARIATION 


There  are  two  types  of  processes  that  tend  to  mix  the  water  and  create  layer  depths: 

(II  wind  or  turbulent  mixing,  and  (2)  convective  mixing.  Convective  mixing  occurs  as  a 
result  of  changes  in  the  stability  of  the  water  column,  which  may  be  produced  by  surface 
cooling  or  by  an  increase  in  salinity.  In  this  region,  small  changes  in  surface  conditions 
can  initiate  convective  processes.  James  (1966)  showed  that  a temperature  decrease  of 
• I.  0l°c,  or  an  increase  in  salinity’  of  0.01  parts  per  thousand  are  sufficient  to  start  the  pro- 
cess. Changes  in  layer  depth  due  to  wind  mixing  occur  through  the  turbulent  action  of  the 
wind.  Within  the  tracking  range,  the  mean-monthly  layer  depth  varies  from  a maximum  of 
about  30  meters  during  August  to  a maximum  of  about  120  meters  during  March  (Figure  52|. 
'I'he  mean  layer  depth  during  January  through  March  is  about  lOG  meters,  and  about  GO 
meters  during  the  remainder  of  the  year.  These  variations  appear  to  be  the  result  of  con- 
vective mix'ing  rather  than  wind  turbulence,  since  during  the  period  of  maxi  mum -mean 
wind  speed,  June  through  August,  the  layer  depth  is  at  a minimum.  In  addition,  the  monthly 
mean  wind  speeds  are  not  strong  enough  to  produce  layer  depths  in  excess  of  about  25 
meters.  Examination  of  the  seasonal  variation  in  temperature  and  salinity  shows  that  there 
is  a significant  change  in  the  thermohaline  structure  between  October  and  I'ebruary  which 
causes  deeper  mixing  during  the  winter  months.  The  convective  process  is  stronger  in 
waters  where  the  vertical  temperature  and  salinity  gradients  are  not  steep.  The  salinity 
gradient  during  February  is  about  one-half  the  salinity  gradient  during  October  (1.  04  parts 
per  thoiif.and/lOO  meters,  2.54  parte  per  thousand/lOO  meters),  and  the  temperature  gra- 
dient is  approximately  eight  times  stronger  during  October  than  February  (4.6°C/100 
meters,  0.G°/100  meters).  Such  differences  in  the  temperature-salinity  gradients  can 
account  for  the  monthly  variations  in  the  layer  depths  due  to  changes  in  the  stability  of  the 
water  column. 

G.  TEMPERATURE,  SALINTTi',  AND  SOUND  VELOCITY 

Typical  mean  values  for  temperature,  salinity,  and  sound  velocity  during  February  and 
October  are  shown  in  Figures  53  through  55.  Maximum  variations  in  these  parameters 
occur  in  the  first  100  meters  of  depth.  Maximum  differences  between  sound  velocity  pro- 
files amount  to  about  3 meters  per  second  in  the  first  100  meters,  about  2 meters  per 
second  between  100  and  300  meters,  and  less  than  2 meters  per  .second  from  300  to  900 
meters.  Similar  variations  occur  between  temperature  and  salinity  curves. 

Between  100  and  200  meters,  the  core,  or  maximum  value  of  the  Subtropical  Under- 
water appears.  It  Is  at  this  depth  (150  meters)  that  major  semidiurnal  (12.4  hours) 
oscillations  occur.  .Semidiurnal  amplitudes  of  about  0.  5“C  have  been  reported.  Similar 
semidiurnal  oscillations  of  salinity,  with  amplitudes  of  about  0.35  parte  per  thousand,  have 
also  been  reported  by  Ridley  (1963)  and  Garrison  (19G6). 
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At  about  1)50  meters,  a minimum  salinity  occurs  at  the  core  of  the  Subantarctic  Inter- 
mc(iiate  Water.  Similar  semidiurnal  oscillations  should  be  expected  at  this  depth.  Fij^ure 
50  shows  the  T-S  (temperature-salinity)  correlation  curves  for  February  and  ()ctfjtx;r. 

'r\'pical  short  period  variations  in  temperature  at  selected  depths  during  February  anrl 
August  are  shownin  Figures  57  and  58.  The  time  series,  although  short,  indicate,  that  the 
oscillations  in  temperature  are  in  phase  at  each  depth. 

7.  SKA  AND  SWKLL 

The  monthly  averages  of  significant  wave  heights  (the  average  height  of  the  highest  one- 
third  waves  present)  vary  with  the  wind  magnitude  throughout  the  year.  July,  the  month 
having  the  highest  average  wind  speed  (14.0  knots),  also  has  the  monthly  high  in  significant 
wave  heights  greater  than  G feet  (Figure  59). 

Significant  wave  heights  are  I feet  or  less  71  percent  of  the  year,  and  7 feet  or  less  98 
}x>rcent  of  the  year. 

Both  sea  (waves  protluced  by  local  winds)  and  swell  (waves  from  distant  storms)  are 
consistently  out  of  the  east  during  all  months  (Figures  60  and  61).  On  an  annual  mean  basis, 
95  percent  of  the  time,  waves  are  from  the  northeast  to  southeast;  77  percent  of  the  time, 
swell  is  northeast  to  southeast.  These  estimates  are  for  areas  in  the  tracking  range  not 
affected  bv  the  leeward  sheltering  of  the  island. 

Generally,  both  sea  and  swell  are  present  in  an  area.  Figure  62  shows  inat  the  average 
wave  heights  tend  to  cluster  around  10-  to  11-second  periods. 

8.  KXTHKMK  WAVES 

An  observed  wave  height  of  32  feet  or  more,  with  easterly  winds  of  55  knots,  was  re- 
ported just  southeast  of  Mona  Island  during  the  passage  of  tropical  storm  Gerda  in  September 
1958.  The  storm,  passing  to  the  south  of  the  area  on  a westerly  course,  dissipated  south 
of  Cuba  without  ever  reaching  hurricane  strength. 

As  there  are  insufficient  data  for  a climatological  conclusion  on  extreme  wave  heights, 
the  values  tabulated  below  (from  reference  5)  contain  a statistical  estimate  of  maximum 
wave  occurrences. 

Mean  Becurrence  Interval  5 Yr  10  Yr  25  Yr  50  Yr  100  Yr 

Maximum  Wave  Height  (feet)  33  37  44  49  55 

From  this  table,  it  can  be  expected  that  every  10  years  there  may  be  one  occurrence 
where  wave  height  attains  37  feet  (11  meters)  in  the  deeper  waters  of  the  underwater  track- 
ing range. 
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PART  IV. 


CLIMATOLOGY 


1.  PRESSURE 

The  surface  barometric  pressure  pattern  over  the  underwater  trackinK  range  Is  in- 
fluenced by  the  North  Atlantic  (Rermuda)  High  throughout  the  year,  while  the  annual  migra- 
tion of  the  equatorial  trough  imparts  a seasonal  Influence. 

The  seasonal  change  in  sea-level  pressure  is  not  large.  The  average  monthly  values 
range  from  an  Octoher-November  low  of  1013  millibars  to  a winter  high  of  1016  millibars. 
The  winter  maximum  is  a product  of  the  seasonal  migration  of  the  equatorial  trough  south- 
ward and  the  penetration  into  the  area  of  an  occasional  continental  anticyclone.  The  mean 
annual  pressure  for  the  area  is  about  1015  millibars.  Diurnal  pressure  variations  are 
about  as  large  (3  millibars)  as  the  seasonal  variations. 

Lowest  pressures  are  likely  to  occur  during  the  tropical  storm  season,  May  through 
November.  A pressure  of  996  millibars  was  recorded  near  Mona  Passage,  west  of  the 
tracking  range,  during  the  passage  of  hurricane  Beulah  in  September  1967. 

2.  WINDS 

Variations  in  the  average  monthly  wind  speeds  are  small,  ranging  from  10.  4 knots  in 
October  to  14.  0 knots  in  July,,  with  an  annual  mean  of  12. 1 knots.  A secondary  maximum 
occurs  during  the  winter,  when  continental  fronts  and  associated  northers  penetrate  the 
area.  Winds  of  tropical  storm  force  (intensity  greater  than  33  knots)  have  been  observed 
for  all  months.  Mean  monthly  wind  speeds  and  directions  are  shown  In  Figures  63  through 
65. 


Factors  which  interrupt  the  trade  wind  flow  are  frontal  and  easterly  wave  passages. 

As  the  cold  front  approaches,  the  wind  shifts  to  a southerly  direction,  the  front  passes, 
there  is  a gradual  shift  through  the  southwest  and  northwest  quadrants  back  to  the  east. 

The  easterly  wave  passage  is  characterized  by  an  east-northeast  wind  ahead  of  the  wave 
and  a change  to  east-southeast  following  its  passage. 

3.  EXTREME  WINDS 

Although  the  number  of  marine  observations  for  wind  are  approximately  40,000  for  the 
period  1856-1971,  the  fact  that  ships  avoid  bad  weather  Introduces  a fair-weather  bias  into 
extreme  wind  statistics.  The  return  values  of  maximum  sustained  winds  shown  below  are 
statistical  estimates. 

Mean  Recurrence  Interval  5 Yr  10  Yr  20  Yr  50Yr  100  Yr 

Maximum  Sustained  Wind  (knots)  70  75  83  91  99 

These  estimates  suggest  that  there  will  be  a maximum  sustained  wind  speed  of  75  knots 
in  the  area  once  every  10  years. 


8 


\.  TliOPICAI,  C’^’ CLONKS 


The  trade  wind  flow  is  interrupted  by  tropical  cyclones,  an  important  feature  of  the 
range's  climate  dui-int;  the  summer  and  early  autumn.  Hecause  of  seasonal  shifts  in  areas 
of  tropical  cyclone  development,  the  range  is  outside  the  main  paths  of  the  most  severe 
tropical  atmospheric  disturbances,  except  from  July  through  Octobei-. 

of  the  approximately  (500  tropical  cyclones  recorded  over  the  Noi'th  Atlantic  since  188(», 
penetrated  the  area  bounded  by  17.0°  - 20.n°N  and  (11.0°  - 70.  0°W;  of  these  22  were 
hurricanes,  2(1  were  tropical  storms,  and  the  remaining  four  were  tropical  depressions. 
Augvist  and  September  had  the  majority  with  14  and  21  storms,  respectively.  Ikised  on  an 
81-year  rt?cord,  the  probability  of  at  least  one  tropical  storm  or  hurricane  ;x?netrating  the 
area  in  an>  given  year  is  0.  1 1. 

Those  hurricanes  and  tropical  storms  which  do  severely  affect  the  area  deveh)p  pri- 
marily over  the  waters  of  the  southern  North  Atlantic  to  the  east  of  the  Lesser  Antilles. 

The  movements  of  the  storms  are  usually  toward  the  west  and  northwest  at  an  average  spee<l 
of  10  to  15  knots. 

5.  STOlfM  Sl'RGKS 

Storm  surges  may  affect  parts  of  the  range  area,  particularly  the  southeastern  section 
which  contains  the  shallowest  depths.  There  are  three  components  of  the  s m surge.  The 
first  is  due  to  the  onshore  component  of  wind  stress  w-hich  moves  water  tov  the  coast; 
the  second  component  is  due  to  the  deflection  of  the  current  in  the  longshore  di'-ection.  The 
third  component  produces  a change  in  sea  level  due  to  reduced  atmospheric  pressure  in  the 
vicinity'  of  storms  and  hurricanes.  Along  the  coast  toward  whicli  the  hurricane  is  advancing, 
the  water  may  begin  tf>  rise  when  the  storm  center  is  still  710  to  920  kilometers  away. 

Over  the  open  ocean  storm  surges  may  be  in  excess  of  1 meter.  Heights  several  times 
this  value  occur  at  coasbil  areas  near  St.  Croix. 

0.  MSIBILITY 

Visibility’  is  good  throughout  this  area;  89  percent  of  the  time  it  exceeds  18  kilometers. 
Sea  or  vapor  haze,  the  result  of  salt  particles  being  thrown  up  by  heavy’  seas  can  reduce 
visibility  to  less  than  10  kilometers.  Sea  fog  rarely  occurs,  except  occasionally  near  the 
coast. 

7.  TKMPKRATHRK 


Surface  air  temperatures  average  between  24°C  to  27°C  during  winter  months  and  27‘’C 
to  28°C  during  summer.  Temperatures  above  J2°C  occur  during  summer  and  autumn.  The 
temperature  of  the  sea-surface  averages  from  0.  5°C  to  1.5°C  warmer  than  that  of  the  over- 
lying  atmosphere  for  all  months,  with  winter  and  summer  having  the  greatest  and  least 
differences.  Such  small  differences  in  temperatures  between  the  air  and  sea  reflect  the 
flominating  influence  of  the  sea  on  the  marine  atmosphere.  The  mean  monthly  sea  surface 
temperature  is  highest  during  August  and  .September  (29°C),  and  lowest  during  Febniai’y  and 
March  (2()°C). 
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8.  ]’HHCIPITATI()N 


Mean  monthly  precipitation  is  evenly  distributed  throughout  the  year.  A relatively  dry 
season  occurs  during  winter  and  early  spring.  A relatively  wet  season  occurs  from  May 
through  November. 

Thei'e  are  two  rainfall-producing  mechanisms  in  the  area:  easterly  waves  and  cold 
fronts.  IXiring  the  rainy  season,  the  area  experiences  easterly  atmospheric  waves.  An  in- 
tense easterly  wave  brings  one  or  more  cloudy,  rainy  days  which  may  produce  sufficient 
rain  to  cause  flooding  on  the  island. 

Occasionally,  the  trailing  edge  of  a cold  front  off  North  America  penetrates  the  area 
and  brings  a change  in  the  weather  that  ranges  from  cloudier-than-normal  skies  to  heavy 
and  continual  rainfall  lasting  for  several  days. 

Most  of  the  precipihition  that  falls  over  the  area  lasts  less  than  1 hour. 

9.  Cl.OUDS 

Cloud  cover  does  not  vary  greatly  from  season  to  season.  The  seasomil  variation  of 
cloudiness  shows  a maximum  (obscured)  during  September  (11  percent  cloud  cover).  Aver- 
age monthly  cloud  cover  increases  slightly  from  a minimum  of  about  29  percent  in  May  to 
a maximum  of  about  37  percent  in  August.  The  annual  norm  is  32  percent.  In  all  seasons, 
maximum  cloudiness  and  precipitation  occur  during  the  afternoon  and  night.  Total  ob- 
scuration of  the  sky,  although  Infrequent,  occurs  primarily  during  short-duration  rain 
showers.  Figure  66  shows  the  monthly  variation  of  cloud  cover. 

Most  of  the  cloudiness  consists  of  trade-wind  cumulus.  This  type  of  cumulus  is  gen- 
erally of  small  vertical  extent,  with  the  bases  averaging  610  to  914  meters  in  height.  Cloud 
tops  average  1,829  to  2,438  meters  in  winter,  and  increase  in  summer,  rising  from  2,743 
to  3,962  meters  over  the  higher  elevations  of  St.  Croix.  Other  clouds,  such  as  the 
cumulonimbus  and  stratiform  types,  occur  during  the  passage  of  easterly  atmospheric  waves, 
frontal  systems  and  tropical  storms. 

10.  HEI.ATIVK  HUMnim’ 

The  relative  humidity  is  high,  averaging  78  percent  over  the  course  of  the  year.  The 
monthly  average  percentages  range  from  a February  low  of  71  percent  to  a May  high  of  82 
percent.  The  average  annual  diurnal  variation  is  between  74  and  80  percent, 
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Part  I.  VFMA  Research  Series,  No.  11,  Columbia  University  Press,  201  p. 

PART  VI,  ANNOTATED  BIBLIOGRAI’HY 

1.  Burns,  D.  A.  and  M.  Car  (1975).  Current  Meter  Data  Report  for  the  Eastern  Part  of 
the  Caribbean  Sea.  Technical  Note  No.  6110-6-75,  182  pp. , 12  references.  Unpublished 
Report,  U.S.  Naval  Oceanographic  Office,  Washington,  D.  C. 
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I’relimiuaiy  analysis  of  ;i(i  current  mcUir  records  from  18  arrays  in  the  eastern 
t'arlbiK'an  Sea  showed  wide  variation  in  mean  speed  ranging  from  less  than  1 cm/sec  near 
St.  tM'oix  and  Vi(|ues  to  a maximum  of  about  !)0  cm/sec  between  St.  Lucia  and  St.  Vincent 
at  a deptli  of  la  meters.  'I'en  of  tlie  records  had  siRnlflcant  tidal  current  si^inatures  with 
jiiaxi!uum  amplitude  of  tlie  M2  constihient  attaining  approximately  24  cm^sec  at  .'390  meters 
between  St.  Lucia  and  St.  X'incent.  Data  were  recorded  during  all  four  seasons  as  depths 
ranging  from  la  meters  to  1910  meters.  Data  are  presented  In  form  of  histograms,  fre- 
(|ueney  distributions,  progressive  vector  plots,  power  spectra,  and  harmonic  analysis. 

2.  Busby,  Boswell  1'.  (19()7l.  DB/V'^  A LU MINAUT  Becovers  Current  Meter  A rr.ay  from 
IH'pth  of  :i,la0  I-'eet.  Geo  Marine  Technology  Volume  2,  Number  5,  p.  41-41. 

A short  note  on  the  recovery  of  a current  meter  array  in  the  tracking  range  west  of  St. 
Croix.  Descriptive  oceanographic  and  meteorological  observations  that  were  observed 
during  recoveiy  from  the  DB ^V  AI AIMINAUT  are  presented. 

2.  Daugherty,  Jr.,  et  al,  (19152).  Oceanography  Station  Data,  USS  SAN  PABLO  Cruise 
No.  21024  of  October  and  November  1962.  Informal  Manuscript  Beport  No.  0-21-62/  128 
pp.  Unpublished  Beport,  U.  S.  Naval  Oceanographic  Office,  Washington,  D.C. 

Oceanographic  Station  data  were  collected  in  the  tracking  range  during  October  and 
November  1962.  Nansen  casts,  cores,  and  BTLs  were  taken.  A time  series  plot  of  salinity 
in  depth  is  shown.  Data  are  presented  in  the  stindard  NODC  format. 

4.  Gordon,  Arnold  L.  (1967).  Circulation  of  the  Caribbean  Sea.  Journal  Geophysical  Be- 
search,  Vol.  72,  No.  24,  6207-6222,  22  references. 

'Fhe  geostrophic  method  is  applied  to  six  north-south  hydrographic  profiles  across  the 
Caribbean  Sea  to  determine  the  circulation  field.  Wind  Influence,  barocllnlc  field  of  mass, 
and  upwelling  are  considered.  An  estimate  of  the  vertical  velocities  are  given  using  the 
equations  of  motions. 

а.  Ichiyc,  Takashi  (1967-19ii8).  Bobiting  Model  Kxperiment.s  of  the  Circulation  in  the 
Cariblxjan  Sea,  9 pp. , 7 refei  ences.  Appendix  B of  Annual  Beport  1967-1968  contract  AT 
(20-1)  2662  to  Besearch  Division  of  U. S.  Atomic  Knergy  Commission,  Mixing,  Diffusion 
and  Circulation  Bates  in  Ocean  Waters.  Lament  Geological  Observatory  of  Columbia  Uni- 
versity, Palisades,  New  York.  Bef.  CU-2662-9.  This  reference  describes  other  on-going 
contracts  and  projects  in  the  \4rgin  Islands  in  physical  and  chemical  oceanography. 

The  author  explains  his  model  experiments  in  describing  the  general  circulation  in  the 
Caribbean  S<'a.  Mixing  parameters  and  diffusion  rates  are  discussed.  This  is  a short 
summary  report  on  the  continuing  effort  to  develop  a complex  mathematical  model  of  the 
circulation  in  the  Caribbean  St:a. 

б.  Keehn,  Pauline  A.  (1967).  Bibliography  ou  Oceanography  of  the  Tropical  Atlantic. 

87  pp. , 449  references.  American  Meteorological  Society,  Washington,  D.C. 

A comprehensive  bibliography  on  the  Physical  Oceanography  and  Marine  Biology  of  the 
Tropical  Atlantic.  Extensive  description  of  each  reference  is  provided. 
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7.  N,itioii:il  C'limjitic  ScMson.il  W ind,  So:i,  and  Sw<.‘ll  Data  for  Marsdiai  Si|iiaros  7 I, 

7 I.  National  t lima lii:  ('I'nior,  Aalu'villc,  N.('.  288o|. 

I ai)iuations  li\-  soason  for  the  onc-donroe  s(juaro.s  7 I,  7.7  (<f  wind,  sea,  and  .-.woll. 

Naval  ( )c('ano^;raphic'  nffioo  ( I !•'!:!  I.  II.  O.  I'lil).  7(mi,  ( tcoanoj^raphic  Atl.i.s  of  the  North 
\tlai.tir  (leoan,  Si'ction  1\’,  S«’a  ;iml  Swell,  227  pp.  , 12  refereneea,  Nav.al  C )eeanf>Kraphie 
( 'ffi-’o,  Washington,  I).  (’. 

illtil.o.  ii.  (I.  I'ul).  7in),  ( iee;inonrat)hic  .Mias  of  the  North  .\tl:mtie  ( )eean,  .Seetion  1, 
t ides  and  I. 'll  rreiUs,  7.)  pp.  , 7::  refereiu-es.  Naval  ( teeanopnapihie  (iffiee,  \\  ashintthm,  I),  r. 

(l!>')7i.  II.  II.  I'nl).  7UII,  I ieeainit(ra|)ldc  Atla.s  of  the  North  .Atlantie  ( leean,  Seetion  IV, 
Sound  X'eloei  tv,  I I pp.  , Naval  ( ieeano)rraphie  ( iffiee,  Washington,  D.C. 

(1!»|)7).  11.  (I.  I’nl!.  700,  Oeeanojrraphic  Atlas  of  the  Noi-th  Atlantie  Oeean,  Seetion  II, 

I'hvsieal  Properties,  700  pp. , 17.7  references,  .Naval  ( )eeanoj;raphic  < iffiee,  Washinuton,  li.i'. 

I . .s.  Naval  ( leeanot^raphic  .Atlases  of  the  North  .Atlantic  Oeean,  The  p,ener:il  oceano- 
^raphv  of  the  entire  North  .Atlantic,  incliuiinR  the  Carilibean  .Sea,  is  presenUvl  in  the  form  of 
.se.asonal  diagrams,  charts,  figures,  with  text.  CkxkI  as  a general  reference. 

ti.  Nav.d  ( leeanoftraphic  Office  (1977).  SP-189  II,  Environmental  .Acoustic  \Llas  of  the 
Cariblx'an  Sea  and  Gulf  of  .Mexico,  V'olume  II,  Marine  Environment,  181  pp.  . 17  refen'n.'cs. 

r.  S.  Naval  Oeeanfifiraphie  Office,  Washington,  D.C. 

\oUime  II  discusses  and  chtirts  marine  environmenLal  data  perbiininn  to  effective  anti- 
submarine .surveillance.  It  includes  data  on  geomagnetic  background,  water  masses,  sound 
velocitv  and  thermal  structui-e,  bathymetry,  bottom  composition,  sub-bottom  structui^s, 

\ind,  waves,  I’ainfall,  and  currents. 

111.  Nichols,  .Maynard  (1977).  Environmentiil  Water  and  Sediments  of  Christianstcd  Ilaibor, 
sr.  I’rois,  1.87  pp.,  Water  Pollution  Report  No.  l(i.  Virgin  Islands  Divisicn  of  Environmt  n- 
l.al  Health. 

W.iter  ixillution  is  discussed  in  Christianstcd  Harbor  with  relation  to;  water  qualiW  data. 
ecolog\-  of  coral  reefs,  fisheries,  bottom  grass  algae,  bottom  sediments,  utilization  of 
harbui  and  its  environment. 

' 11.  (istericher,  Charles  tl9(i(i).  Environmental  Studies  in  Support  of  Atlantic  Cnderwater 

lactical  Hanges.  Inform.al  Manuscript  Report  No.  ()-1.7-(i(),  5.7  pp.,  .7  references.  I'n- 
piiblished  Report,  IT.S.  Naval  ( Iceanographic  Office,  Washington,  D.C. 

\ 

I Results  of  an  oceancigraphic  survey  west  of  St.  Croix  during  October  and  November  19ii.7 

are  liisciissed.  Temp(*r.ature-salinity  dat.a  are  compai-cd  to  historical  (Wust’s)  observations. 

j,  Compo.site  sound  speed  plots  are  shown.  Surface  and  subsurface  current  information  is 

I presented.  Core  analyses. 
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12.  Parr,  AllK'rt  Hide  A Contribution  to  the  nydrofrraphy  of  the  Caribbean  and 

Cayman  Seas,  110  pp.,  11  references.  Bulletin  of  the  Binf^ham  ( )eeanoKraphic  Collection. 
Peabody  Museum  of  Natural  History,  Yale  Pniversity,  Volume  V’,  Article  1,  New  Haven, 
Conn. 

Oceanojjraphic  SUition  data  biken  aboard  the  It/V  ATLANTIS  during?  19.'L‘i-1934  are  used 
to  describe  the  various  water  masses  throughout  the  Caribbean  Sea  anrl  its  many  passages. 
The  horizonbil  and  vertical  distribution  are  discussed  as  well  as  the  general  and  bottom 
circulation. 

i;i.  Hidley,  H.  et  al.  (lOdii).  Oceanography  - West  Coast  of  St.  Croix,  Virgin  Islands. 
Informal  Manuscript  Report  No.  0-31-63,  88  pp. , 9 references.  Unpublished  Report,  U.S. 
Naval  Oceanographic  Office,  Washington,  D.  C. 

Time  scries  oceanographic  data  off  the  west  coast  of  St.  Croix  were  examined  for 
variations  in  physical  properties  which  significantly  affect  sound  propagation.  Changes  of 
the  order  of  3 m-'sec  occurred  over  a 13-hour  period.  Sediment  cores  and  the  textural  and 
chemical  characteristics  are  discussed. 

11.  Sammartino,  Peter  (1968).  The  Fairleigh  Dickinson  University  Conference  on  Oceano- 
logv’,  131  pp. , Fairleigh  Dickinson  University  Press,  Rutherford,  N.  J. 

This  report  deals  with  the  preservation  of  legal  jurisdiction  of,  the  proper  use  of,  and 
man's  role  in  the  Caribbean  Sea. 

1.1.  Smith,  Otis  R.  (1971).  Results  of  Current  Observations  Caribbean  Ope  rations. 
NAVOCl^ANO  Technical  Note  No.  6110-1-74,  32  pp.  , 2 Appendices,  35-33  pp.  Unpublished 
Report,  U.S.  Naval  Oceanographic  Office,  Washington,  D.  C. 

Current  meters  were  placed  at  100,  450,  800,  and  near  the  bottom  at  three  locations 
(17M1'N,  65°30'W;  17“01'N,  63°4.3'W;  and  15°40'N,  63°48»W)  during  April  and  May  1974. 
Moderate  speeds  up  to  39  cm/sec  were  recorded  at  the  450m  depth  at  14°49'N,  63°48'W. 
Speeds  generally  were  low  and  decreased  with  depth.  Eighty-eight  percent  of  all  recorded 
speeds  were  less  than  19  cm/sec.  Data  are  presented  in  the  form  of  histographs,  frequency 
distribution  and  time-varydng  vector  plots. 

16.  U.S.  Naval  Weather  Service  Command  (1974).  SSMO,  Summary  of  Synoptic  Meteoro- 
logical Observations,  Caribbean  and  Nearby  Coastal  Marine  Areas,  V'olumes  4 and  5. 
National  Climatic  Center,  Asheville,  N.  C.  28801. 

This  report  conUiins  21  tables  of  various  meteorological  parameters  (sea  surface  tem- 
perature, wind,  sea  and  swell,  rainfall,  cloud  information,  visibility,  etc.).  The  size  of 
the  geographical  areas  covered  by  this  reference  are  usually  larger  than  2.5°.  Data  based 
upon  ship  observations.  Data  are  summarized  monthly  and  annually. 
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17,  I'.S.  National  ( )ceanofjraphic  Data  Center  (1970).  CICAIl,  Hil)lio(craphv  on  Meteoro- 

lou,y.  Climatology,  and  Physical-Chemical  Oceanography,  Volume;  1,  Cooperative'  Investi- 
gation of  the  Caribbean  and  Aeljacent  Uegions,  Washington,  I).  C.,  Oil  p|). 

A comprehensive,  exhaustiv’c  compilation  by  subject  and  author  freim  A through  / on 
tilt'  Caribbean  Sea. 

IS.  Wust.  Ceorge  (19(ii).  Stratification  and  Circulation  in  the  Antillean-Caribbean  Basins, 
Part  1,  VPMA  Ucscarch  Series,  No.  II,  Columbia  University-  Press,  201  pp. , 11  1 reference 

This  is  a classical  comprehensive  description  of  the  water  m;isses  eif  the  Antillean- 
Cariblican  Basins,  their  interaction  with  the  atmosphere  and  circulation  in  their  depths. 

Wust  explains  his  coi*e  method  for  indicating  the  thermal-haline  and  oxygen  constitution  f>f 
oceanic  basins  in  relation  to  the  (x;rmanent  circulation. 


15 


WIND  SPEED  (KT5) 


EED  VS  WIND  SPE 


TOTRL  NUMBER  OBSo  =6101 


0 10  60  90  120  150  180  210  240  270  300  330  360 


DIRECTION  HISTOGRRM  - DEGREES  TRUE 


FIGURE  3 RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION 
FOR  ARRAY  1 AT  762  METERS 


IH 


TOTML  number  OBSo  = 61 U1 

1 LL‘~j 

] 


^ f'L  1 

L 

5 /Li 


I Q -T^ i — ! 1 1 “~I ' T 1 1 

Q 10  2G  30  ‘iO  *50  60  70  60  ^0  100 

i SPEED  HISTOGRRM  - CM/SEC 

FIGURE  4 RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR  ARRAY  1 AT  762  METERS 


1!) 


1 1 
I 


I 


I 


i 


^OTHL  NUMBER  ORSo  = 61 CU 


Q la  2Q  3Q  4Q  5Q  60  70  60  90  IOC 


CUMULATIVE  SPEED  DISTRIBUTION  - CM/SEC 
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FIGURE  6 RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION  FOR 
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FIGURE  7 RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR  ARRAY  1 AT  747  METERS 
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FIGURE  8 CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED  FOR  ARRAY  1 AT 
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FIGURE  11  COMPONENT  ENERGY  SPECTRA  FOR  ARRAY  1 AT  747  METERS 
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FIGURE  19  RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION  FOR 
ARRAY  2 AT  1049  METERS 
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FIGURE  20  RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR 
ARRAY  2 AT  1049  METERS 
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FIGURE  21  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED  FOR 
ARRAY  2 AT  1049  METERS 
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FIGURE  22  RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION  FOR 
ARRAY  2 AT  10)8  METERS 
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FIGURE  23  RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR 
ARRAY  2 AT  1018  METERS 
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FIGURE  24  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED  FOR 
ARRAY  2 AT  1018  METERS 
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FIGURE  25  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED  FOR 
ARRAY  2 AT  1064,  1049,  AND  1018  METERS 
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FIGURE  28  COMPONENT  ENERGY  SPECTRA  FOR  ARRAY  2 AT  1018  METERS 
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FIGURE  33  TIME  SERIES  VECTOR  PLOT,  ARRAY  2 
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FliiURF  35  RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR 
ARRAY  3 AT  963  METERS 
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FIGURE  36  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED 
FOR  ARRAY  3 AT  963  METERS 
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FIGURE  37  RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION  FOR 
ARRAY  3 AT  948  METERS 
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FIGURE  38  RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR 
ARRAY  3 AT  948  METERS 
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FIGURE  39  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED 
FOR  ARRAY  3 AT  948  METERS 
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FIGURE  40  RELATIVE  FREQUENCY  HISTOGRAM  OF  DIRECTION 
FOR  ARRAY  3 AT  917  METERS 
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FIGURE  41  RELATIVE  FREQUENCY  HISTOGRAM  OF  SPEED  FOR 
ARRAY  3 AT  917  METERS 


I 


TOTAL  NUMALR  OBSo  =013/ 


0 10  20  30  40  50  60  70  00  90  100 


CUMULATIVE  SPEED  DISTRIBUTION  - CM/SEC 

FIGURE  42  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED 
FOR  ARRAY  3 AT  917  METERS 
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FIGURE  43  CUMULATIVE  FREQUENCY  DISTRIBUTION  OF  SPEED  FOR 
ARRAY  3 AT  963,  948,  AND  917  METERS 
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FIGURE  47  ROTARY  ENERGY  SPECTRA  FOR  ARRAY  3 AT  963  METERS 
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FIGURE  51  TIME  SERIES  VECTOR  PLOT,  ARRAY  3 
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FIGURE  55  TYPICAL  SOUND  VELOCITY  PROFILES,  FEBRUARY  AND  OCTOBER 
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FIGURE  56  T-S  DIAGRAMS  FOR  FEBRUARY  AND  OCTOBER 
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FIGURE  60  MONTHLY  SIGNIFICANT  WAVE  DIRECTION  PROBABILITY  DISTRIBUTION 
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FIGURE  61  MONTHLY  SWELL  DIRECTION  PROBABILITY  DISTRIBUTION 
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FIGURE  64  MONTHLY  WIND  DIRECTION  PROBABILITY  DISTRIBUTION 
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TABLE  A3  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION  FOR  ARRAY  2 AT  1064  METERS 
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TABLE  A4  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION  FOR  ARRAY  2 AT  lOUt METERS 
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table  A6  bivariate  distribution  of  speed  and  direction  for  array  3 AT  963  METERS 
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TABLE  A8  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION  FOR  ARRAY  3 AT  917  METERS 


APPENDIX  B 

BIVARIATE  DISTRIBUTION  OF  CURRENT  SPEED  AND  DIRECTION 

OCTOBER  1965 


TABLE  B1 


Summary  of  Mooring  Locations  and  Instrument  Performance  ( 1965) 


Water 

Meter 

Station 

Depth 

Depth 

No, 

Location 

(meters) 

(meters) 

Record 

Length 

Remarks 

5 

17°41  ,6'N 

929 

145 

10/2  - 

10/15/65 

64°57,4'W 

815 

II 

No  direction. 

915 

II 

920 

II 

6A* 

17°43.3’N 

929 

41 

10/3  - 

10/4/65 

No  data. 

64°57.5'W 

130 

II 

313 

II 

800 

II 

915 

II 

No  data. 

920 

II 

No  data. 

6B 

17°43.3'N 

925 

27 

10/9  - 

10/16/65 

No  direction  first  80 

64°57.5'W 

116 

hrs.  Beginning  and  end 
times  doubtful. 

300 

786 

Meters  not  recovered. 

910 

915 

8 

17°44.8’N 

1064 

1050 

10/2  - 

10/4/65 

Continuous  recording. 

64°57.1'W 

1055 

II 

No  data. 

9 

17°45.8'N 

976 

88 

10/1  - 

10/1 3/65 

64‘>58.3'W 

760 

II 

No  direction  for  first 
130  hours. 

10 

17°44.7'N 

976 

962 

10/1  - 

10/13/65 

64°59,0'W 

967 

II 

*Moor  released  prematurely. 


B-1 


STATION  NO.  5 


Meter 

Depth 

— 145 

meters 

Water 

Depth 

— 939 

meters 

0.05 

0.15 

0.25 

Knots 

0.35 

0.45 

0.55 

0.65 

Total 

Percent 

NE 

10 

44 

52 

60 

1 

0 

0 

167 

9 

E 

3 

2 

0 

0 

0 

0 

0 

5 

0 

SE 

1 

0 

3 

0 

0 

0 

0 

4 

0 

S 

0 

2 

6 

0 

0 

0 

0 

8 

0 

SW 

25 

55 

33 

5 

3 

0 

0 

121 

7 

W 

45 

164 

100 

7 

0 

0 

0 

316 

17 

NW 

45 

203 

220 

28 

9 

0 

0 

505 

27 

N 

30 

187 

250 

221 

34 

11 

1 

734 

39 

Total 

159 

657 

664 

321 

47 

1 1 

1 

Pet. 

9 

35 

36 

17 

3 

1 

0 

Mean  Speed  = 0,225  kn. 
Resultant  Flow  = 0.17  kn.,  340° 


STATION  NO.  5 

Meter  Depth  — 815  meters  Water  Depth  — 929  meters 
Knots 


0.05 

0,15 

0.25 

0.35 

0.45 

0.55 

1562 

288 

2 

0 

1 

0 

84 

16 

0 

0 

0 

0 

Mean 

Speed 

= 0,055 

kn . 

1‘ 

I ( 

[ TABLE  B2,  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION 

FOR  STATION  NO.  5 AT  145  METERS,  AND 
MEAN  SPEED  FOR  STATION  NO.  5 AT  815  METERS 


STATION  NO.  5 


Meter  Depth  — 915  meters  Water  Depth  — 929  meters 


Knots 


0.05 

0.15 

0.25  0. 

,35 

0.45 

Total 

Percent 

NE 

127 

2 

0 

0 

0 

129 

7 

E 

225 

85 

21 

2 

0 

333 

19 

SE 

248 

117 

24 

2 

0 

391 

22 

S 

121 

9 

0 

0 

0 

130 

7 

SW 

51 

1 

0 

0 

0 

52 

3 

W 

111 

17 

3 

0 

0 

131 

7 

NW 

305 

153 

23 

0 

0 

481 

27 

N 

115 

23 

1 

0 

0 

139 

8 

Total 

1303 

407 

72 

4 

0 

Pet. 

73 

23 

4 

0 

0 

Mean 

Speed  I 

0.073  kn 

Resultant  Flow 

= 0.02  ki 

n.. 

065° 

STATION 

NO.  5 

Meter  Depth 

— 920 

meters 

Water 

Depth 

--  929  meters 

0.05 

0.15 

0.25 

0.35 

0.45 

0.55 

Total 

Percent 

NE 

122 

16 

0 

0 

0 

0 

138 

7 

E 

228 

133 

32 

10 

1 

0 

404 

22 

SE 

247 

125 

44 

3 

1 

0 

420 

23 

S 

81 

8 

0 

1 

0 

0 

90 

5 

SW 

40 

1 

0 

0 

0 

0 

41 

2 

w 

84 

33 

3 

0 

0 

0 

120 

6 

NW 

232 

192 

38 

4 

0 

0 

466 

25 

N 

130 

28 

10 

0 

0 

0 

168 

9 

Total 

1164 

536 

127 

18 

2 

0 

Pet. 

63 

29 

7 

1 

0 

0 

Mean  Speed  = 0.087  kn. 
Resultant  Flow  » 0.01  kn.,  050® 


TABLE  B3.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION 
FOR  STATION  NO.  5 AT  920  AND  915  METERS 


STATION  NO,  6A 


Meter 

Depth  - 

- 130 

meters 

Water  Depth 

— 929 

meters 

0.05 

0.15 

Knots 

0.25 

0.35 

0.45 

Total 

Percent 

NE 

12 

6 

3 

0 

0 

21 

10 

E 

0 

3 

0 

0 

0 

3 

1 

SE 

4 

0 

0 

0 

0 

4 

2 

S 

13 

29 

4 

0 

0 

46 

22 

SW 

15 

4 

0 

0 

0 

19 

9 

W 

4 

0 

0 

0 

0 

4 

2 

NW 

10 

1 1 

0 

0 

0 

21 

10 

N 

23 

35 

22 

7 

2 

89 

43 

Total 

81 

88 

29 

7 

2 

Pet . 

39 

43 

14 

3 

1 

Mean  Speed  = 0.142  kn. 
Resultant  Flow  ■ 0.05  kn., 

010° 

Meter 

Depth  - 

STATION 
-313  meters 

NO,  6A 

Water  Depth  — 929  meters 

0.05 

Knots 

0,15  0.25 

0.35 

Total 

Percent 

NE 

21 

4 

0 

0 

25 

1 1 

E 

4 

2 

0 

0 

6 

3 

SE 

9 

14 

0 

0 

23 

10 

S 

12 

28 

1 

0 

41 

18 

SW 

33 

9 

2 

0 

44 

19 

W 

15 

4 

0 

0 

19 

8 

NW 

18 

6 

0 

0 

24 

10 

N 

30 

19 

0 

0 

49 

21 

Total 

142 

86 

3 

0 

Pet. 

61 

37 

1 

0 

Mean  Speed  = 0.93  kn. 
Resultant  Flow  = .03  kn,,  200° 


TABLE  B4.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION 
FOR  STATION  NO.  6A  AT  313  AND  130  METERS 


B-4 


STATION  6A 


Meter  Depth  — 800  meters  Water  Depth  — 929  meters 


0.05 

Knots 

0.15 

0.25 

Totol 

Percent 

NE 

29 

4 

0 

33 

14 

E 

37 

6 

0 

43 

18 

SE 

53 

25 

0 

78 

33 

S 

25 

9 

1 

35 

15 

SW 

9 

26 

0 

35 

15 

w 

8 

3 

0 

1 1 

5 

NW 

0 

0 

0 

0 

0 

N 

5 

0 

0 

5 

2 

Total 

166 

73 

1 

Pet. 

69 

30 

0 

Mean 

Speed  - 

0.085 

kn . 

Resultant  Flow 

= 0.05 

kn. , 

O 

O 

STATION  6B 

Meter  Depth  --  27  meters  Water  Depth  — 925  meters 


0.10 

0.20 

Knots 

0.30  0.40 

0.50 

0.60 

Total 

Percent 

NE 

2 

9 

11 

0 

0 

0 

22 

8 

E 

8 

2 

0 

0 

0 

0 

10 

4 

SE 

8 

4 

0 

0 

0 

0 

12 

5 

S 

5 

7 

0 

0 

0 

0 

12 

5 

SW 

28 

i8 

7 

0 

0 

0 

53 

20 

W 

15 

12 

0 

0 

0 

0 

27 

10 

NW 

8 

27 

20 

2 

0 

0 

57 

22 

N 

6 

6 

21 

27 

2 

4 

66 

25 

Mean  Speed  = 0.221  kn. 
Resultant  Flow  z 0.12  kn.,  330® 


TABLE  B5.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION 
FOR  STATION  NO.  6A  AT  800  METERS,  AND 
STATION  NO.  6B  AT  27  METERS 
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STATION  NO.  8 


Meter  Depth  --  1050  meters  Water  Depth  --  1064  meters 


Knots 


0.05 

0.15 

0.25 

0.35 

Total 

Percent 

NE 

649 

540 

15 

0 

1204 

40 

E 

262 

92 

2 

0 

356 

12 

SE 

239 

11 

0 

0 

250 

8 

S 

340 

23 

0 

0 

363 

12 

SW 

336 

190 

3 

0 

529 

18 

W 

82 

27 

1 

0 

1 10 

4 

NW 

43 

9 

0 

0 

52 

2 

N 

1 10 

24 

0 

0 

134 

5 

Total 

2061 

916 

21 

0 

Pet . 

69 

31 

1 

0 

Mean 

Speed  - 

0.072  1 

<n . 

Resultant  Flow 

z 0.03 

kn . , 

055° 

STATION  NO 

. 9 

Meter  Depth 

— 88 

meters 

Water  Depth  --  ' 

976  meters 

0.05 

0.15 

0.25 

Knots 

0.35  0.45 

0.55 

0.65 

0.75 

Total 

Percent 

NE 

7 

40 

4 

2 

1 

0 

0 

0 

54 

3 

E 

2 

8 

0 

0 

0 

0 

0 

0 

10 

1 

SE 

13 

24 

1 

0 

0 

0 

0 

0 

38 

2 

S 

10 

40 

13 

4 

0 

0 

0 

0 

67 

4 

SW 

17 

70 

70 

46 

16 

4 

6 

0 

229 

13 

w 

30 

1 16 

60 

54 

42 

6 

0 

0 

308 

18 

^^IW 

21 

216 

120 

50 

22 

0 

0 

0 

429 

25 

N 

16 

1 10 

170 

144 

96 

2 

28 

3 

569 

33 

Total 

116 

624 

438 

300 

177 

12 

34 

3 

Pet. 

4 

37 

26 

18 

10 

1 

2 

0 

Mean  Speed  - 0.254  kn. 
Resultant  Flow  = 0.15  kn.,  320° 


TABLE  B6.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION  FOR 
STATION  NO.  8 AT  1050  METERS,  AND  STATION  NO.  9 AT  88  METERS 


~~  ' • — T 
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A 


J 


STATION  NO.  9 


Meter  Depth  --  760  meters  Water  Depth  — 976  meters 


Knots 

0.10 

0.20 

Total 

Percent 

NE 

30 

0 

30 

3 

E 

17 

0 

17 

2 

SE 

19 

0 

19 

2" 

S 

131 

0 

131 

14 

SW 

106 

2 

108 

12 

W 

48 

0 

48 

5 

NW 

25 

0 

25 

3 

N 

23 

0 

23 

3 

Total 

399 

2 

Pet. 

44 

0 

Mean  Speed  = 

0.046  kn 

Resu 

Itant  Flow 

= 0.01  k 

n.,  180° 

*Note  class 

intervals 

centered  at  0.10  are 

bounded 

by  0.5  and  0.14  knot.  There 

were  503 

values  less 

than  0.05 

kn.  This 

is  a 55.6 

percent  of 

total . 

STATION  NO.  9 

Meter  Depth  — 962  meters  Water  Depth  --  976  meters 


0.05 

0.15 

Knot 

0.25 

0.35 

0.45 

0.55 

Total 

Percent 

NE 

111 

38 

17 

5 

4 

0 

175 

1 

E 

124 

42 

6 

2 

0 

0 

175 

1 1 

SE 

151 

60 

25 

0 

0 

0 

236 

14 

S 

204 

132 

22 

0 

0 

0 

358 

22 

SW 

182 

75 

6 

6 

5 

0 

275 

17 

w 

133 

38 

3 

1 

0 

0 

175 

1 1 

NW 

84 

34 

4 

0 

0 

0 

122 

7 

N 

89 

28 

14 

3 

0 

0 

134 

8 

Total 

1078 

447 

97 

11 

9 

0 

Pet. 

65 

27 

6 

1 

1 

0 

Mean  Speed  = 0.087  kn. 
Resultant  Flow  ■ 0.02  kn.,  180° 


TABLE  B7.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION  FOR 
STATION  NO.  9 AT  962  AND  760  METERS 
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STATION  NO.  9 


Meter  Depth  --  967  meters  Water  Depth  --  976  meters 


0.05 

0.15 

Knots 

0.25  0.35 

0.45 

0.55 

Total 

Percent 

NE 

97 

58 

23 

13 

4 

0 

195 

12 

E 

144 

22 

8 

7 

1 

0 

182 

1 1 

SE 

316 

221 

29 

0 

0 

0 

566 

34 

S 

265 

143 

20 

0 

0 

0 

428 

25 

sw 

134 

1 1 

0 

1 

0 

0 

146 

9 

w 

49 

4 

0 

0 

0 

0 

53 

3 

NW 

35 

0 

0 

0 

0 

0 

35 

2 

N 

66 

12 

0 

0 

0 

0 

78 

5 

Total 

1106 

471 

80 

21 

5 

0 

Pet. 

66 

28 

5 

1 

0 

0 

Mean 

Speed  = 

0.081 

kn . 

Resultant  Flow 

= 0.05 

kn . , 

135° 

STATION  NO.  10 

Meter  Depth  --  962  meters  Water  Depth  --  976  meters 


0.05 

Knots 

0.15  0.25 

0.35  Total 

Percent 

NE 

139 

77 

13 

0 

229 

14 

E 

122 

5 

1 

0 

128 

8 

SE 

40 

0 

0 

0 

40 

3 

S 

106 

19 

0 

0 

125 

8 

SW 

161 

135 

66 

15 

377 

24 

w 

164 

134 

75 

26 

399 

25 

..  . NW 

no 

20 

0 

0 

130 

8 

N 

105 

50 

9 

0 

164 

10 

Total 

947 

440 

164 

41 

Pet . 

59 

28 

10 

3 

Mean 

Speed  = 

0.11  kn 

Resultant  Flow 

= 0.04 

kn . , 

265° 

TABLE  B8.  BIVARIATE  DISTRIBUTION 

OF  SPEED 

AND 

DIRECTION 

FOR  STATION  9 

AT  967 

METERS 

AND 

STATION 

10  AT 

962  METERS 

B-8 


STATION  NO.  10 


Meter  Depth  --  967  meters  Water  Depth  — 976  meters 


Knots 

0.05 

0.15 

0.25 

0.35 

Total 

Percent 

NE 

125 

74 

8 

0 

207 

13 

E 

112 

18 

1 

0 

131 

8 

SE 

76 

1 

1 

0 

78 

5 

S 

83 

6 

1 

0 

90 

6 

sw 

185 

67 

16 

0 

268 

17 

w 

199 

165 

112 

21 

497 

31 

NW 

118 

37 

23^ 

2 

166 

10 

N 

111 

22 

0 

156 

10 

Total 

1009 

BS9 

171 

23 

Pet. 

63 

B 

1 1 

1 

Mean  Speed  = 0.10  kn. 

Resultant  Flow  z 0.05  kn.,  280° 


TABLE  B9.  BIVARIATE  DISTRIBUTION  OF  SPEED  AND  DIRECTION 
FOR  STATION  NO.  10  AT  967  METERS 
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APPENDIX  C 


CURRENT  AND  SHEAR  PROFILE  MEASUREMENTS 


THE  JOHNS  HOPKINS  UNIVEFTSITY 
APPLIED  PHYSICS  LABORATORY 

JoKns  Hi-tpkins  Laurel  Maryland  ^OHIO 

Telephone  (30H  95J  TIOO  and  T9?-. ’HOC 

APPENDIX 

ClJRRi;\T  AND  SilliAR  PROP  ILL  MP.ASlJRIiMP.NTS ' 


1.  INTRODUCTION 


Beginning  in  November  of  1974  and  continuing  through 
Pebruary  of  197b  the  Applied  Physics  Laboratory  of  .Johns  Hopkins 
University  conducted  a program  of  measurements  of  the  current 
structure  on  the  St.  Croix  range.  Most  of  these  measurements 
were  made  using  the  technique  of  acoustically  tracking  slowly 
sinking  untethered  floats  whicli,  upon  reaching  a predetermined 
maximum  depth,  would  release  ballast  and  return  to  the  surface. 

By  differentiating  the  measured  position  time  series  of  the 
floats  the  ocean  current  profiles  were  obtained.  figure  1 shows 
the  tracking  data  for  one  of  these  drops  and  P'igure  2 shows  the 
corresponding  current  profile. 

In  all,  64  d; ops  , most  to  a depth  of  400  meters,  were 
made  at  various  locations  on  the  range  and  at  various  times  of 
the  year.  Sometimes  two  profilers  were  dropped  simultaneously 
at  different  locations  on  the  range  to  determine  the  horizontal 
variability  of  the  current  profile.  Por  these  joint  drops  spa- 
tial separat ions  rang ing  from  100  meters  to  2 kilometers  were 
chosen.  There  were  also  several  periods  where  drops  were  made 
repeatedly  every  two  hours  at  a fixed  location  (near  Array  3 
center).  These  time  series  measurements  were  made  to  determine 
the  amount  and  nature  of  the  temporal  variability  of  the  current 
profile  in  order  to  shed  some  light  on  which  oceanographic  pro- 
cesses were  responsible  for  the  currents. 

Several  drops  were  made  using  an  instrumented  profiler 
which  incorporated  a Neil  Brown  CTD  system  and  a two-axis  acoustic 
current  meter. ^ The  acoustic  current  meter  was  used  to  measure 
the  fine  scale  structure  in  the  current  profile  and  the  CTD  data 
was  gathered  to  determine  the  ratio  of  density  to  velocity  gradient 
(“  Richardson  Number).  In  addition,  CTD  casts  were  mado'in  con- 
junction with  many  of  the  drops  of  the  uninstrumented  profilers 
again  to  determine  Richardson  Number  profiles. 


This  appendix  consists  of  a brief  description  of  the  current 
measurements  that  have  been  made  at  St.  Croix  by  the  Applied 
Physics  Laboratory  of  .Johns  Hopkins  University  and  its  sub- 
contractors. A detailed  report  on  this  work  is  being  prepared 
and  will  be  available  by  Dec.  1976.  Requests  for  copies  of 
this  report  or  additional  information  should  be  directed  to 
David  Wenstrand,  .Johns  Hopkins  University  Applied  Physics  Labora- 
tory, .Johns  Hopkins  Road,  Laurel,  Md . 20810. 
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In  Icluuary  and  March,  197(i  several  rada  r t r ac  ketl 
droyuos'  and  a moored  current  meter  string^  consisting  of 
l ive  \m  1 \'ector  Averaging  Current  meters  were  deployed  to  oli- 
tain  additional  information  on  the  variability  of  the  current 
field  in  tile  uj)pcr  500  meters. 

In  all  of  these  measurements  the  currents  were  found 
to  he  extremely  variable  in  magnitude  and  direction  with  mag- 
nitudes ranging  fic:a  0 to  30  cm/sec.  On  the  average,  current 
speed  1%  IS  10  to  15  cm/sec  with  no  direction  being  strongly  pre- 
fer red  . 


II.  i:1)RRI;N’T  PROI-lUi  MnASURbMbNTS 


The  current  profile  shown  in  Figure  2 is  typical  of 
the  many  such  measurements  that  were  made  on  the  St.  Croix  range, 
ihe  extent  to  which  the  ascending  and  descending  measurements 
agree  is  an  indication  of  the  accuracy  of  the  measurement  f=  0.5 
cm/sec)  and  also  of  actual  temporal  variability.  The  latter  is 
especially  important  for  the  upper  part  of  the  profile  since  40 
minutes  typically  elapsed  between  the  beginning  and  end  of  a drop. 

From  Figure  3,  where  both  horizontal  components  of  cur- 
rent are  plotted  versus  depth,  it  can  be  seen  that  both  current 
magnitude  and  direction  vary  rapidly  and  in  an  unpredictable  manner 
with  increasing  depth. 

Due  to  the  extreme  amount  of  spatial  variability  observed 
on  the  range,  it  isn't  possible  to  assign  one  current  profile  to 
the  whole  range  area.  In  fact,  as  shown  in  Figure  4,  simultaneous 
current  profiles  separated  by  distances  as  short  as  1400  meters  show 
only  gross  similarity  and  much  beyond  this  no  significant  correla- 
tion is  observed . 

This  fact,  coupled  with  the  significant  amount  of  tem- 
poral variability  observed  in  the  profile  over  periods  as  short 
as  2-3  hours,  makes  it  practically  impossible  to  obtain  a complete 
characterization  of  the  entire  current  field  on  the  range.  There- 


This  instrument  was  developed  by  Prof.  T.  Rossby,  formerly  of 
Yale  University  (now  at  the  Univ.  of  Rhode  Island)  who  performed 
the  measureirents  made  w'ith  it  at  St.  Croix. 

2 

The  drogue  work  was  performed  by  Dr.  G.R.  Stegen  of  Flow  Research, 
Inc.,  Kent,  Washington,  and  the  mooring  work  wa<?  done  by  R.  Walden 
and  co-workers  at  Woods  Mole  Oceanographic  Institution. 
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tore  t !\o  current  field  must  l)c  characterized  witli  statistical 
parameters  such  as  vertical  Kavenumher  spectra  and  correlation 
leni;ths  and  times  for  profiles  separated  in  space  and  time,  re 
s p e c t 1 V e 1 y . 

Althouyli  a quantitative  statistical  description  of  the 
current  variability  lias  not  been  completed,  it  is  apparent  from 
a visual  examination  of  the  current  profiles  gathered  at  dif- 
ferent times  of  year  that  no  major  seasonal  variability  in  tliese 
-statistical  parameters  exists. 

Similarly,  it  is  in  statistical  terms  that  the  relation- 
sliip  between  current  profiles  and  their  corresponding  density  pro- 
files must  be  described.  Specifically,  it  appears  that  the  r.m.s. 
value  of  tlie  vertical  gradient  of  current  (or  shear)  at  one  depth 
is  proportional  to  the  average  density  gradient  at  that  depth.  A 
hint  of  tliis  can  be  seen  in  Figures  5 and  6 which  show,  respec- 
tively, tlie  [ivofile  of  the  east  component  of  velocity  and  the  pro- 
files of  temperature,  salinity  and  sound  velocity.  The  most  ob- 
vious correlation  is  at  the  bottom  of  the  mixed  layer  where  tne 
large  density  gradient  seems  to  he  related  to  a large  feature  in 
the  current  profile.  Less  obvious  is  the  tendency  for  the  current 
shear  to  diminish  with  depth  at  about  the  same  rate  as  the  tem- 
perature (or  density)  gradient. 


III.  CURRIiNT  TIMF  SFRIF.S  MF.ASURFMF.NTS 


Figure  7 shows  a sample  5-day  record  from  one  of  the 
current  meters  on  the  array  implanted  by  W.H.0.1.  on  20  Feb.  197b. 
Although  the  array  was  left  in  for  approximately  2 months,  only  1 
month  of  data  was  actually  gathered  since  the  1 minute  sampling 
rate  limited  tape  life  to  this  period. 

Figure  8 shows  the  trajectory  of  a drogue  which  was  de- 
ployed on  the  8th  of  February,  1976  and  tracked  by  radar  for  30 
houi<^.  Since  the  drag  member  of  the  drogue  was  at  a depth  of 
120  meters,  this  trajectory  should  be  regarded  as  the  trajectory 
of  a parcel  of  water  at  that  depth. 


Point  Count 


FIGURE  C 


Bangs  Raw  Tracking  Data  for  Baginning  of  Drop  33  in  Array  3 
(9  Feb  76).  Tha  X and  Y coordinatas  ara  plottad  raiativa  to  a 
location  occupiad  by  tha  profilar  ihortSy  bafora  ralaasa  (46806. 
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FIGURE  C2  East  Component  of  Currant  for  Drop  33  in  Array  3 (9  Fob  76). 
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FIGURE  C6  PROHLE  OF  HYDROGRAPHIC  VARIABLES  TAKEN  IN 
CONJUNCTION  WITH  CURRENT  PROFILE  DROP  36J. 
(NOTE  : DEPTH  IN  METERS  4 RELATIVE  PRESSURE 
IN  DB) 
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FIGURE  C7  SAMPLE  RECORD  FROM  W.H.O.I.  CURRENT  METEFj  ARRAY 

(INSTRUMENT  DEPTH  = 95  M) 
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